As the link between psychology and economics has grown, so too has research on the link between personality traits and economic behavior. We build on this previous work, bringing to light the relationship between personality traits and contributions in a one-shot public goods game. We find that contributions to the public good are smaller for rational participants as measured by the Rational-Experiential Inventory-revised 40 (REI-40) item scale. We find no effect on contributions for the measures of the Big Five personality traits or the remaining measures from the REI-40.
Introduction
The public goods game has become a classic laboratory environment for studying collective group decisions where participants decide how much to contribute to a common pool. The countervailing effect, however, is that there is an incentive for group members to free-ride on individuals that are contributing positive amounts to the common pool. The Nash Equilibrium for this game is to invest an amount of zero to the public good so long as the marginal per capita return is less than one. An individual in a group in which each participant invests all of their endowment, however, is better off than an individual in a group in which all the participants keep their endowment for themselves. The incentive to free-ride in order to maximize one's own wealth leads to tax fraud, pollution, resource exploitation, and even plays an important role in the climate change issue. This incentive to free-ride, hence, can create huge costs to society both today and in the future. Understanding the behavior in the public goods game is essential when trying to solve these problems. Given the analog to real-world phenomena, research on the public goods game therefore focuses on the factors that lead to, drive, and result in cooperation (see Zelmer [1] for a meta-analysis of the literature).
Explanations for cooperative behavior have been numerous since Andreoni [2] brought the issue to the fore. Further explanations have been posited by Andreoni [3] , Gächter et al. [4] , and Fosgaard et al. [5] . Andreoni [3] finds that about half of all cooperation is due to some form of kindness and not just confusion about the experiment. Fosgaard et al. [5] find that the way a public good is framed actually affects misperceptions about the incentives of the game and once the misperceptions are removed, the framing difference vanishes. Gächter et al. [4] find that cooperative behavior and reciprocity is dilemma-specific, i.e., depend on the framing of the experiment. Other studies have shown that the rates of contribution to the public good can also be influenced by including options like being excluded from the public good [6, 7] or punishment and voting mechanisms [8] [9] [10] . Most of these studies find that external factors (i.e., the environment and the rules of the game) have an effect on the behavior of the entire group.
In addition to external factors, Fosgaard et al. [5] posit that internal factors have a great part in the observed behavior in a public goods game. To further understand the decision-making process of the group, researchers have explored individual behavior in the public goods game more carefully, including the personality or psychological traits of individual participants. These studies, however, have mostly focused on the Big Five personality traits [11, 12] , consisting of openness, conscientiousness, extraversion, agreeableness, and neuroticism. The results of these studies have not been consistent. For example, Perugini et al. [13] find that 'agreeableness' of the Big Six measurement (an extension of the Big Five) is a good predictor for cooperative behavior of men in a multi-period public good game. Similarly, Volk et al. [14, 15] find that free-riders and conditional cooperators in a public goods game differ in the agreeableness measure of the Big Five, whereas Kurzban and Houser [16] find neuroticism to be statistically significant as a determinant for public goods provisions. Few studies have looked beyond the Big Five as an explanation of individual characteristics correlating with the behavior in a public goods game. Lohse [17] , for example, finds a strong and positive relationship between cognitive abilities, as measured by the Cognitive Reflection Test (CRT), and contributions in a one-shot public goods game.
When investigating cooperative behavior beyond the public goods game, the focus is again mostly on the Big Five personality traits [11, 12, 18] . For example, Lu and Argyle [19] and Ashton et al. [20] find that extraversion is positively correlated with their cooperation-scale, whereas neuroticism has a negative correlation. In accordance with Perugini et al. [13] Lu and Argyle [19] also find agreeableness to be positively correlated with their cooperation-scale. Hirsh and Peterson [21] report that more neurotic individuals were less likely to defect in a prisoner's dilemma game. Ben-Ner et al. [22] find negative significant effects for neuroticism for the giving of females in the dictator game, but in a later paper find correlation between high levels of neuroticism and greater altruism [23] .
Studies on the public goods game predict an outcome of zero contributions to the public good, assuming rational and selfish players. The studies mentioned above have shown that participants do cooperate, and they do so for different reasons, or in correlation with some personality traits. While these studies have identified a variety of personality traits correlated with cooperative behavior, we are not aware of any studies directly examining rationality with the behavior in the public goods game. The lack of consensus among these studies and the strong focus on the Big Five personality traits motivate this study of personality traits and their correlation to economic behavior. We add to the ongoing interdisciplinary research on the relationship between economic behavior and personality traits by conducting a battery of psychological and rationality tests, including the Big Five, but also other relevant measurements, that have the potential to explain behavior in the public goods game. Our study, however, is limited in that we cannot determine the motivation for the behavior in the public goods game. While we can identify that participants with a higher rational ability score, we do not know whether their behavior is different from others due to emotional or strategic reasons.
Our research question is:
Which personality or psychological traits determine cooperative behavior in the public goods game?
In the following section, we will present the experimental design of the survey and the public goods game. A section presenting the results follows it. Finally, we will conclude with the conclusion and an outlook on future research.
Experimental Section

Survey
Students from three different colleges in the Northeast of the United States were invited to take part in our experiment using the universities' respective experimental economics online recruitment systems. All participants were required to fill out an online personality traits survey using the website www.surveymonkey.com [24] at least one week prior to being invited to the laboratory. The online survey included the Big Five test [11, 12] , the REI-40 [25] , the Wonderlic score [26] , the Holt and Laury Lottery measuring risk aversion [27] , and the Mind in the Eyes test [28, 29] . The tests were selected either due to their significance in findings of previous research (as mentioned in the review above) or because it was assumed that there could be an intuitive connection between the scores and economic decision-making. Specifically, the Wonderlic score was selected to test for an effect of a participant's problem-solving ability on cooperative behavior, the Mind in the Eyes test was selected to test for an effect of a participant's emotional assessment ability on cooperative behavior, and finally the Holt and Laury lottery was selected to test for an effect of a participant's risk attitude on the behavior in the public goods game.
The Big Five test measures five bipolar factors: openness to experiences (intellect or culture), conscientiousness, extraversion, agreeableness, and neuroticism (Emotional Stability). A number of studies have used the Big Five test to test its factors' correlation with cooperative behavior [19, 20] , defection behavior [21] , and behavior in economic games [22] .
The REI-40 is a 40-item self-report test measuring two independent dimensions of human information processing-rational and experiential-that are divided into a total of four subscales: rational ability (ability to think logically and analytically), rational engagement (reliance on and enjoyment of thinking in an analytical manner), experiential ability (ability to trust one's intuition and feelings), and experiential engagement (reliance on and enjoyment of using intuition in decision making) [25] .
The Wonderlic test [26] is an intelligence test that is used to assert the learning and problem-solving ability of participants.
The Holt and Laury Lottery comprises 10 consecutive choices between paired lotteries in which the transition from a less risky lottery A to the more risky lottery B is incentivized by an increasing risk premium. A participant's risk attitude can be measured by observing when the participant switches between the lotteries. The Holt and Laury lottery has become a standard method for eliciting risk attitudes of participants in economic experiments [30] .
The Mind in the Eyes test, a measure of Theory of Mind, has been more commonly used to examine the differences in the ability to read another person's emotional state in adults with autism spectrum conditions [28, [31] [32] [33] . The test examines differences in a participant's emotional assessment ability, i.e., the ability of a participant to put herself into the mind of another person and make sense of that person's behavior.
Some of the personality traits can be expected to have little correlation with the behavior in a public goods game. For example, in the Big Five personality traits, openness to experience or conscientiousness are not likely to correlate with cooperative behavior as they refer to more risk-related issues. Not surprisingly, these measures were also not statistically significant in our analysis. In the REI-40, however, rational ability and rational engagement could be expected to show some influence. Rational ability refers to the individual's tendency to think analytically and make logical connections, whereas experiential ability refers to being affective (i.e., doing what feels good) and reliant on past experiences. A more rational individual relies less on the past experiences for their decision and might think more thoroughly about the consequences of different strategies in a particular situation. They could conclude that her/his own actions have no influence on others' contributions, since it is a one-shot game and there are no repercussions for un-cooperative behavior in this instance. Hence, we hypothesize that individuals who score higher on the rational ability measure will also invest less in the public good.
Public Goods Game
All participants who successfully finished the survey were then invited to participate in the laboratory experiment. At the beginning of each session participants were asked for demographic data: age, gender, major, and college-years. Each participant then played the following games in random order: the dictator game, the ultimatum game, the minimum effort game, and the prisoner's dilemma game. After finishing these games, all participants played a one-shot public goods game in which each participant could contribute to a public good and each contribution resulted in a payoff to all participants in the group, including one's self. The participants had to choose how much of a $1 endowment they would like to invest in the public good. How much to invest could be chosen in 1 cent increments. In addition to the amount that each participant kept for themselves, she/he received a payout in the amount of half of the amount invested by the entire group. In a game with n participants the pay-off for the i-th person was:
where c i is the individual's investment in the public good and c j is the investment made by each jth group member. The participants were informed that investments are made anonymously and cannot be identified.
Results
Out of the 140 participants, 55 were female and 85 were male. Group sizes varied from 8 to 16 and the average contribution was around 50 cents, which led to an average payout of $3.41 with a minimum of $1.63 and a maximum of $5.1.
Since the group sizes varied, while the marginal per capita return (MPCR) stayed constant, the gains from cooperation also change. This could influence the contribution decision of participants in different groups. Research by Isaac et al. [34] found a difference in efficiency due to group size at a lower MPCR of 0.30, while at a MPCR of 0.70 no statistically significant difference was found. We find no significant differences between average contributions of participants in different groups. There are two explanations for this: (i) the MPCR in this experiment is 0.5 and hence too high to allow group size to be an important factor; (ii) the effect of group size might not be an important factor in a one-shot game. Contributions in the first round in the study by Isaac et al. [34] were between 40% and 50% of the initial endowment for almost all group sizes (except for the smallest group size of 4). Similarly, we checked for heterogeneous effects of group size and other important variables (specifically gender and rational ability) and found no statistically significant result.
The important personality variable for the analysis of the behavior in the public goods game turns out to be rational ability as measured by the REI-40 [25] , where rational ability refers to having a high level of ability to think logically and analytically. Our sample value of an average 3.30 out of 5 for rational ability is lower than the value of 4.0 out of 5 found by Sladek et al. [35] , but close to the value of 3.39 for American College Students found by Calder et al. [36] . Table 1 gives a summary of statistics of the important variables. The average contribution of females and males was close with $0.478 and $0.517, respectively, and its magnitude was in line with previous experiments [3, 37, 38] . Similarly, the average value of public good contribution for different group sizes was between 0.45 and 0.64, with no trend for either increasing size numbers. We will now discuss the analysis of the personality traits.
Personality Traits
Rational choice theory suggests that the rational actor tries to maximize personal payout by investing the minimum amount possible, in this case zero, in the public good. In the ex-ante survey, participant's rational ability was tested as a factor in the REI-40 [25] , and we found that participants whose score showed higher rational ability also contributed significantly less to the public good. Since the measure for rational ability can take on many values, we divided participants in five groups to facilitate the interpretation of the values. Since most participants achieved a score between 3 and 4 and very few participants achieve a score lower than 2, we adjusted the interval of the rational ability score to get a more even distribution of observations between the groups. Table 2 shows the relevant statistics. Table 2 . Investment in public good by participants with different rational ability scores.
Investment in Public Good
Rational Ability Score 0 < x ≤ 2 2 < x < 3 3 ≤ x < 3. The table shows a decrease in investment in the public good from 0.85 for very low scores to less than half the initial endowment for scores higher than 3.5. Further tests were run for the variety of personality and economic traits we had collected in the online survey and no other variable showed a statistical significance similar to the rational ability measure.
In the next step, a regression analysis was used to see if the statistical significance holds when controlling for other sources of variation. Table 3 shows the results of the OLS regression analysis with robust standard errors. Since our analysis tests which personality traits determine cooperative behavior in the public goods game (i.e., we are testing multiple hypotheses), we are reporting Bonferroni and Sidak corrected p-values [39] .
Model 1 is the simplest model, only including rational ability, risk aversion, and age. In Model 2, we add gender and group size, and in model 3 we control for college-related variables, such as the number of years the participant has been in college, the college the participant attends and their major. In Model 4, we test for the Big Five personality traits, while removing the control variables from model 3, as they showed no statistical significance. Finally, in Model 5, we test for the Wonderlic score, the Mind in the Eyes score and the remaining measure from the REI-40. Besides age, none of the control variables showed statistical significance in any of the models. The coefficient for rational ability is statistically significant and has negative values between −0.15 and −0.22 for all five models. As predicted by standard economic theory, we find that the higher the score of a participant on the rational ability scale, the less likely that participant is to invest in the public good. Investing little into the public good is predicted by the Nash equilibrium solution concept, which assumes rational players. It is, therefore, not surprising that participants scoring higher on the rational ability measure are also more likely to play the Nash equilibrium solution concept.
Adding the variable male and group size has almost no effect on the other variables and actually decreases the value for the F-test and the adjusted R-squared. Neither male nor group size is statistically significant. Table 1 shows that average contribution differs very little between different group sizes and gender, and hence the lack of statistical significance is not surprising. 1 Controlling for the level of risk aversion, we did not find statistical significance in our results. In this case, the reason might be that investing more rather than less is not perceived as a risk, because the participant's choice does not affect the probability of different outcomes. The coefficient for age shows up as being statistically significant in all models except model 3 and is positive for all five models. We do not allow ourselves a reliable interpretation, since the coefficient is not statistically significant in all models.
In model 4, we tested for the correlation of the measures of the Big Five personality factors; however, none of the coefficients showed up as being statistically significant. In model 5, we tested for the Wonderlic score, the Mind in the Eyes score and for the remaining personality traits from the REI-40 test-rational engagement, experiential ability, and experiential engagement. Again, none of the coefficients were found to be statistically significant. In accordance with earlier studies on personality traits and economic games, we continue to find that, as much as the tests we apply can measure very specific personality traits, these traits only correlate with behavior in very specific environments.
The findings of previous studies explaining PG contributions with personality traits, specifically measures of the Big Five personality traits, could not be confirmed. Rather, we find that when we place personality measures and measures of rationality into the empirical estimation, we find that the rationality measures are statistically significantly associated with PG contributions.
Conclusions
The results in this paper show that rational ability as measured by the REI-40 is a good predictor for behavior in the public goods game. As predicted by rational choice theory, a more rational individual contributes less to the public goods game. Rational ability refers to the individual's tendency to think analytically and make logical connections, whereas the other thinking style-experiential-refers to being affective (i.e., doing what feels good) and reliant on past experiences [40] . Most interactions in the real world are not 'one-shot' and not as isolated as a laboratory experiment. This also means that un-cooperative behavior can have negative repercussions in an individual's future. From these experiences, many people learn intuitively to act cooperatively, especially if they have an experiential thinking style. An individual with a tendency for a rational thinking style, in contrast, relies less on past experiences for their decision-making.
In addition to rationality measures, we included measures for personality and psychological traits, a test for intelligence, and an empathy measure. In contrast to previous results that find measures of the Big Five personality traits to be significant, we find null results for these variables. The null result on the non-rationality covariates provides some confidence that rationality is an important driver of PG contributions. However, it is possible that heterogeneous effects between rationality and other covariates could exist, but the current study cannot examine such effects.
With this study, we contribute to the ongoing interdisciplinary research on the relationship between economic behavior and personality traits. We confirm the intuitive finding that rational individuals contribute less to the public good. We also find that none of the other tested personality traits-the Big Five personality traits, the remaining measures from the REI-40, the Wonderlic score and the Mind in the Eyes score-show a significant correlation with giving in the public goods game of our experiment. 1 In unreported results, we include a series of interaction variables between group size, gender and other control variables. None of these interaction effects were statistically significant and, hence, we do not report these results here.
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